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(54) Process for the preparation of 2-chloro-5-chloromethyM ,3-thiazole 

(57) According to the present invention, provided 
are 



1. a process for the preparation of 2-chk>ro-5-chk>- 
romethyJ-1 ,3-thiazole, which comprises reacting 3- 
chloro-1 -isothiocyanato-1-propene with a chlorinat- 
ing agent, 

2. a process tor the preparation of 3-chforo-1 -isocy- 
anato-1 -propene, which comprises rearranging 3- 
ch!oro-1-thiocyanato-2-propene in the presence of 
a salt of one or more than one metals selected from 
the group consisting of metals belonging to Group 
2A, Group 7A, Group 8 and Group 1B of the long- 
form periodic table, and 

3. a process for the preparation of 3-chloro-1 -thio- 
cyanaio-2 -propene, which comprises reacting 1.3- 
dichtoropropene and a thiocyanate saft 

(a) in the presence of water, 

(b) in the presence of an organic solvent which 
is water-soluble and has a boiling point of 
150°C or lower, or 

(c) in an organic solvent in the presence of a 
phase transfer catalyst. 
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Description 

This invention relates to a process for the prepara- 
tion of 2<hloro-5<h!oromethyl-1 ,3-thiazole. 2-Chloro-5- 
chIorometoyl-1 ,3-thiazole prepared according to the 5 
present invention is useful as a synthesis intermediate 
for agricultural chemicals, for example, as a synthesis 
intermediate for hexahydrotriazine compounds useful 
as insecticides (refer to Japanese Patent Publication 
No. HE! 6-776). 10 

As a preparation process of 2-chloro-5-chlorome- 
thyl-1,3-thiazole, known are (1) a process of reacting 
ally! isothiocyanate with chlorine (refer to Japanese Pat- 
ent Application Laid-Open No. SHO 63-83079) and (2) 
a process of reacting 2-chloroallyl isothiocyanate with a is 
chlorinating agent (refer to Japanese Patent Application 
Laid-Open No. HE I 4-234864). 

The reaction described in the above process (1) is 
however a markedly severe reaction which requires a 
large excess amount of a chlorinating agent and high 20 
temperature and in addition, plural byproducts are 
formed together with the target product, that is, 2- 
ch!oro-5-chk)romethyl-1 ,3-thiazole so that this process 
is accompanied with the problem that 2-chioro-5-chlo- 
romethyl-1 ,3-thiazole so obtained has low purity. On the 25 
other hand, the process descrfoed in the above (2) is 
also accompanied with the problem that 2-chloroallyl 
isothiocyanate, which is a starting material, is not avail- 
able at a low cost Accordingly, it is difficult to say that 
each of these processes is an industrially excellent 30 
process for the preparation of 2-chloro-5-chloromethyl- 
1 ,3-thiazole. 

tn addition, a process of heating 3-chloro-1-thiocy- 
anato-2-propene in dioxane is known as a process for 
the preparation of 3-chtoro-1-feothiocyanato-1-propene 35 
(refer to Journal f. prakt. Chemie. 322(4), 629(1980)). 

W is however known that the above process has a 
low yield (refer to Comparative Example 2 which will be 
described later) and dioxane which is used as a solvent 
has carcinogenicity. Accordingly, it is difficult to say that 40 
this process is industrially advantageous for the prepa- 
ration of 3-ch!oro-1 -isothiocyanato-1-propene. 

Furthermore, as a process for the preparation of 3- 
chloro-1-thiocyanato-2-propene, a process of reacting 
1 ,3-dichloropropene and potassium thiocyanate in 45 
dimethyl sulfoxide is shown (refer to Journal f. prakt. 
Chemie. 322(4), 629(1980)). 

The above process however has a yield as low as 
47% (refer to Journal f. prakt. Chemie. 322(4), 
629(1 980)) so that it is difficult to say that rt is an indus- so 
trially advantageous process for the preparation of 3- 
chloro-1 -thiocyanato-2-propene. 

With respect to the processes described in the 
above (1) and (2). isolation and purffication of 2-chloro- 
5-ch!oromethyi-1,3-thiazcrfe are carried out by distilla- 55 
tion. 

Since 2-chtoro-5<htoromethyl-1 ,3-thiazole has low 
thermal stability and its reflux ratio cannot be increased, 
2 -<*!oro-5-ch!orome*hyn ,3-thtazoie purified by distilla- 



tion has a low purity. It is difficult to say that distillation is 
an excellent purification method for 2-chloro-5-chlo- 
romethyl-1 ,3-thiazole. Accordingly, there is a demand 
for a purification method to obtain 2-ch!oro-5-ch!orome- 
thyl-1 ,3-thiazole having a higher purity. 

An object of the present invention is to provide an 
industrially advantageous process for preparing 2- 
chloro-5-chloromethy1-1,3-thiazole under mild condi- 
tions using an easily-available and inexpensive starting 
material without using a large excess amount of a chlo- 
rinating agent. 

Another object of the present invention is to provide 
an industrially advantageous process for the prepara- 
tion of 3-chloro-1-isothiocyanato-1-propene at a high 
purity and in a high yield. 

A further object of the present invention is to pro- 
vide an industrially advantageous process for the prep- 
aration of 3-chloro-1-thiocyanato-2-propene at a high 
purity and in a high yield. 

A still further object of the present invention is to 
provide a process for the purification of 2-chloro-5-chlo- 
romethyt-1 ,3-thiazole at a good purity. 

In a first aspect of the present invention, there is 
thus provided a process tor the preparation of 2-chloro- 
5-chloromethyl-1 ,3-thiazole, which comprises reacting 
3-chloro-1-isothiocyanato-1-propene with a chlorinating 
agent. 

In a second aspect of the present invention, there is 
also provided a process for the preparation of 2-chloro- 
5-chloromethyl-1 ,3-thiazole. which comprises rearrang- 
ing 3-chloro-1 -thiocyanato-2-propene in the presence of 
a salt of one or more than one metals selected from the 
group consisting of metals belonging to Group 2A, 
Group 7A, Group 8 and Group 1 B of the long-form peri- 
odic table to obtain 3-chIoro-1-isothiocyanato-1-pro- 
pene; and reacting the 3-chloro-1-isothiocyanato-1- 
propene with a chlorinating agent. 

in a third aspect of the present invention, there is 
also provided a process for the preparation of 3-chloro- 
1 -isothiocyanato-1 -propene, which comprises rearrang- 
ing 3-chloro-1 -thiocyanato-2-propene in the presence of 
a salt of one or more than one metals selected from the 
group consisting of metals belonging to Group 2A, 
Group 7A, Group 8 and Group 1 B of the long-form peri- 
odic table. 

In a fourth aspect of the present invention, there is 
also provided a process for the preparation of 2-chloro- 
5-chloromethyl-1 ,3-thiazole. which comprises reacting 
1 ,3-dichloropropene and a thiocyanate salt 

(a) in the presence of water, 

(b) in the presence of an organic solvent which is 
water-soluble and has a boiling point of 150°C or 
lower, or 

(c) in an organic solvent in the presence of a phase 
transfer catalyst, to obtain 3-chloro-1 -thiocyanato- 
2-propene; rearranging the 3-chloro-1 -thiocyanato- 
2-propene in the presence of a salt of one or more 
than one metals selected from the group consisting 
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of metals belonging to Group 2A, Group 7 A, Group 
8 and Group 1B of the long-form periodic table to 
obtain 3-chIoro-1 -isothiocyanato-1 iDropene; and 
reacting the 3-chtoro-1-isothiocyanato-1-propene 
with a chlorinating agent 5 

In a fifth aspect of the present invention, there is 
also provided a process for me preparation of 3-chloro- 
1-isotfiiocyanato-l-propene, which comprises reacting 
1 ,3-dichIoropropene and a thiocyanate salt ™ 

(a) in the presence of water, 

(b) in the presence of an organic solvent which is 
water-soluble and has a boiling point of 150°C or 
tower, or 75 

(c) in an organic solvent in the presence of a phase 
transfer catalyst, to obtain 3-chloro- 1 -thiocyanato- 
2-propene; and rearranging the 3-chtoro-1-thiocy- 
anatc-2-propene in the presence of a salt of one or 
more than one metals selected from the group con- 20 
sisting of metals belonging to Group 2A. Group 7 A, 
Group 8 and Group 1B of the long-form periodic 
table. 

In a sixth aspect of the present invention, there is 25 
also provided a process for the preparation of 3-chtoro- 
1 -thiocyanato-2-propene, which comprises reacting 
1 ,3-dichloroprcpene and a thiocyanate salt 

(a) in the presence of water, 30 

(b) in the presence of an organic solvent which is 
water-soluble and has a boiling point of 150°C or 
lower, or 

(c) in an organic solvent in the presence of a phase 
transfer catalyst 35 



In a seventh aspect of the present invention, there 
is also provided a process for the purification of 2- 
chiorch^chkyomethyl-1 ,3-thiazoie, which comprises 
recrystaltizing crude 2-cWoro-5-chloromethy1-1 ,3-thia- 40 
zole using one or more than one organic solvents 
selected from me group consisting of hydrocarbons, 
ethers, aldehydes, ketones, esters and alcohols. 

Each of the preparation processes of the present 
invention will hereinafter be described specifically. 4s 

Process 1 



metal salts such as sodium thiocyanate and potassium 
thiocyanate; alkaline earth metal salts such as calcium 
thiocyanate and magnesium thiocyanate; and ammo- 
nium thiocyanate. Among them, sodium thiocyanate is 
preferred. It is desired that the thiocyanate is used in an 
amount of 1 .0 to 1 .5 moles per mole of 1 ,3-dichloropro- 
pene. 

Process 1-(a) 

In the case where 1 ,3-dichloropropene and a thiocy- 
anate saft are reacted in the presence of water: 

ft is preferred that the amount of water which is 
allowed to exist in the reaction system is 0.5 to 10 times 
the weight of 1 ,3-dichloropropene, with 0.5 to 2.0 times 
being more preferred. 

The reaction can be performed in the presence of a 
phase transfer catalyst. Examples of the catalyst 
include quaternary ammonium salts and quaternary 
phosphonium salts. Among them, tetraalkylammonium 
ha! ides such as tetramethylammonium chloride, ben- 
zyltrimethylarnmonium chloride and tetrabutylammo- 
nium chloride are preferred. It is desired that the phase 
transfer catalyst is used in an amount of 0.001 to 0.01 
mole per mole of 1 ,3-dichloropropene. 

The reaction can be performed either in the pres- 
ence of a solvent or without a solvent No particular lim- 
itation is imposed on the solvent insofar as it does not 
adversely affect the reaction. Examples include hydro- 
carbons such as benzene, toluene, hexane, heptane 
and octane; halogenated hydrocarbons such as dichJo- 
romethane, chloroform, carbon tetrachloride, 1,2- 
dichloroethane and 1.1.2,2-tetrachloroethane; and 
ethers such as diethyl ether, diisopropyl ether and 
dimethoxyethane. It is preferred that the solvent is used 
in an amount of 0.5 to 10 times the weight of 1 ,3-dichlo- 
ropropene, with 1 .0 to 2.0 times being more preferred. 

The preferred reaction temperature falls within a 
range of from 0°C to 150°C. with 20°C to 80°C being 
more preferred. The reaction time differs depending on 
the reaction conditions, however, 1 to 4 hours are gen- 
erally suitable. 



A process to obtain 3-^lw>-1-thiocyanato-2-propene 
by reacting 1 ,3K*ichtoroprcpene and a thiocyanate salt 



50 



(a) in the presence of water, 

(b) in the presence of an organic solvent which is 
water-soluble and has a boiling point of 150°C or 

lower, or 55 

(c) in an organic sctverrt in the presence of a phase 

transfer catalyst 

Examples of the thiocyanate salts include alkali 



Process 1-(b) 

In the case where 1 ,3-dichloropropene and a thiocy- 
anate salt are reacted in the presence of an organic sol- 
vent which is water-soluble and has a boiling point of 
150°C or lower: 

In the case where an organic solvent which is not 
water-soluble is used singly. 3-chloro-1 -thiocyanato-2- 
propene cannot be obtained in a high yield (refer to 
Comparative Example 1 which will be described in 
later). In addition, when an organic solvent which has a 
boiling point higher than 150°C, for example, dimethyl 
sulfoxide (having a boiling point of about 160°C) is used 
singly, the yield of the target product is as low as 47% 
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(refer to Journal f. prakt Chemie. 322(4). 629(1980)). 

Examples of the organic solvent which is water-sol- 
uble and has a boiling point of 150°C or tower include 
nitrites such as acetonrtrile and propionitrile; alcohols 
such as methanol, ethano! and propanol; and ketones s 
such as acetone. These solvents may be used in com- 
bination, it is more preferred that the boiling point of the 
solvent is 100°C or lower. It is preferred that the solvent 
is used in an amount of 0.5 to 1 0 times the weight of the 
thiocyanate salt, with 1.0 to 2.0 times being more pre- w 
ferred. 

The reaction temperature preferably ranges from 
0°C to 150°C, with 20°C to 80°C being more preferred. 
The reaction time differs depending on the reaction con- 
ditions, however, the reaction time of 1 to 4 hours is gen- is 
erally suitable. 

Process He) 

In the case where 1 ,3-dichtoropropene and a thiocy- 20 
anate salt are reacted in an organic solvent in the pres- 
ence of a phase transfer catalyst: 

No particular limitation is imposed on the organic 
solvent usable in the present invention insofar as it does 25 
not adversely affects the reaction. Examples include 
hydrocarbons such as benzene, toluene, hexane, hep- 
tane and octane; halogenated hydrocarbons such as 
dichloromethane, chloroform, carbon tetrachloride. 1,2- 
dichkxoethane and 1,1.2,2-tetrachforoethane; ethers 30 
such as diethyl ether, diisopropyl ether, dimethax- 
y ethane and tetrahydrofuran; ketones such as acetone, 
methyl ethyl ketone and cyclohexanone; nrtrUes such as 
acetonrtrile and propiondnle; alcohols such as metha- 
nol, ethano! and propanol; and dimethyl sulfoxide. It is 35 
preferred that the organic solvent is used in an amount 
of 0.5 to 10 times the weight of the thiocyanate salt with 
1 .0 to 2.0 times being more preferred. Alternatively, it is 
also possible to use 1 ,3-dichtoropropene, which is a 
reaction substrate, in an excess amount in order to let it 40 
serve as a solvent in addition. 

Such a reaction is carried out in the presence of a 
phase transfer catalyst The use of the phase transfer 
catalyst makes it possible to prepare 3-chtoro-1-thiocy- 
anato-2-propene in a high yield. For example, in the 45 
case where dimethyl sulfoxide is used as a solvent, if 
the phase transfer catalyst is not employed, the yield is 
47%, while it rises even to 70% by the use of the phase 
transfer catalyst (refer to Journal t prakt. Chemie. 
322(4). 629(1980) and also Example 8 which will be 
described later). When diisopropyl ether is used as a 
solvent, reaction hardly proceeds without the use of the 
phase transfer catalyst but the yield rises even to 82% 
by the use of the phase transfer catalyst (refer to Exam- 
ple 6 and Comparative Example 1 which will be 
described later). 

Examples of the phase transfer catalyst include 
quaternary ammonium salts and quaternary phospho- 
niurn salts. Among them, t etram et h ytammonium chlo- 



ride, tetraethylammonium chloride, 

tetrabutyl ammonium chloride and benzyltrimethylam- 
monium chloride are preferred. It is generally suitable 
that the phase transfer catalyst is used in an amount of 
0.001 to 0.01 mole per mole of 1 ,3-dichIoropropene. 

The reaction temperature preferably falls within a 
range of from 0°C to 150°C, with a range of from 20°C 
to 80°C being more preferred. The reaction time differs 
depending on the reaction conditions but that of 1 to 4 
hours is generally suitable. 

The isolation and purification of 3-chIoro-1-thiocy- 
anato-2-propene from the reaction mixture are effected 
in a manner known per se in the art. For example, after 
being cooled, the reaction mixture is extracted with an 
organic solvent such as toluene, diethyl ether, methyl- 
ene chloride, ethyl acetate or the like. The extract is then 
washed with saturated saline, dried and concentrated 
under reduced pressure. The resulting concentrate is 
then isolated and purified by distillation under reduced 
pressure or chromatography or the like means. Alterna- 
tively. 3-chloro-1 -thiocyanato-2-propene can be pro- 
vided for the subsequent reaction without being isolated 
and purified from the reaction mixture. 

Incidentally, 1 ,3-dtchloropropene which is 
employed as a starting material is mass produced as an 
insecticide so that it is easily available at a low cost 

Process 2 

A process to obtain 3-ch!oro-1 -isothiocyanato-1 -pro- 
pene by rearranging 3-chioro- 1 -thiocyanato-2-propene 
in the presence of a salt of one or more than one metals 
selected from the group consisting of metals belonging 
to Group 2 A, Group 7A, Group 8 and Group 1B of a 
long-form periodic table: 

Examples of the metal salt usable in such a reac- 
tion include salts of a metal belonging to Group 2A, 
Group 7A, Group 8 or Group 1 B of a long-form periodic 
table. Examples of the metal belonging to Group 2A 
include magnesium, calcium and barium; those of the 
metal belonging to Group 7A include manganese; those 
of the metal belonging to Group 8 include iron, ruthe- 
nium, cobalt rhodium, nickel, palladium and platinum; 
and those of the metal belonging to Group 1B include 
copper, silver and gold. 

These metals are used in the form of a metal salt 
Examples of the metal salt include hat ides such as chlo- 
ride, bromide and iodide; inorganic salts such as sul- 
fate, nitrate, phosphate, hydroxide, carbonate and 
thiocyanate; organic salts such as acetate, benzoate 
and acetylacetonate; and oxides. 

Specific examples of the metal salt include magne- 
sium salts such as magnesium chloride, magnesium 
bromide, magnesium sulfate, magnesium oxide and 
magnesium acetate; manganese salts such as manga- 
nese chloride; iron salts such as ferrous (or ferric) sul- 
fate and ferrous (or ferric) nitrate; ruthenium salts such 
as ruthenium chloride; cobalt salts such as cobalt chlo- 
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ride, cobalt bromide, cobalt sulfate and cobalt acetate; 
nickel salts such as nickel chloride and nickel bromide; 
palladium salts such as palladium chloride and palla- 
dium acetate; and copper salts such as copper (I) chlo- 
ride, copper (II) chloride, copper sulfate, copper 5 
thiocyanate. copper (I) oxide, copper (II) oxide, copper 
acetate and copper acetylacetonate. A better yield can 
be obtained when magnesium chloride, cobalt chloride 
or copper (II) chloride is used among the above-exem- 
plified metal salts. These metal salts can be used either w 
singly or in combination. 

It is preferred that the metal salt is used in an 
amount falling within a range of from 0.01 to 0.1 mole 
per mole erf 3-chloro-1 -thiocyanato-2-propene. 

Such a reaction can be carried out either in the is 
presence of a solvent or without a solvent No particular 
limitation is imposed on the solvent to be employed 
insofar as it does not adversely affect the reaction. 
Examples include hydrocarbons such as toluene, 
xylene, hexane. heptane and octane; halogenated 20 
hydrocarbons such as dichloromethane. chloroform, 
carbon tetrachloride. 1,2-dichloroethane and 1.1.2,2- 
tetrachloroethane; ethers such as d ethyl ether, diiso- 
propyl ether and dimethoxyethane; nitnles suchasace- 
tonrtrile and propkxrtftrfle; and amides such as dimethyl 25 
famamide- ft is preferred that the solvent is used in an 
mount of 1 to 50 times the weight of 3-chtoro-1-thiocy- 
anato-2-propene. wtth 4 to 20 times being more pre- 
ferred. 

The reaction temperature preferably falls within a 30 
range of from 0°C to 200°C, with a range ol from 1 0O°C 
to 150°C bang more preferred. The reaction time differs 
depenting on the reaction conditions but that of 0.5 to 5 
hours is generally suitable. 

The isolation and purif ication of 3-cHorc~1 -isothio- 35 
cyanato-1-propene from the resulting reaction mixture 
are carried out in a manner known per se in the art 
Descrtoed specifically, after cooling the reaction mix- 
ture, the metal salt is removed therefrom by filtration. 
The filtrate is then concentrated under reduced pres- * 
sure. The resulting concentrate is then isolated and 
purified by distillation under reduced pressure or chro- 
matography or the Bke means. Alternatively, 3-chloro-1 - 
isothiocyanato-1 -propene can be provided for the sub- 
sequent reaction without isolation and purification from * 
the reaction mixture. 

Process 3 

A process to obtain 2-ch!oro-5-chloromethyl-1 ,3-thia- 5 
zole by reacting 3-chloro-1 -isothiocyanato-1 -propene 
with a chlorinating agent 

Such a reaction can be carried out either in the 
presence of a solvent or without a solvent No particular t 
limitation is imposed on the solvent to be employed 
insofar as it does not adversely affect the reaction. 
Examples include halogenated rtydrocarbons such as 
dichloromethane. cWorotorm. carbon tetrachloride, 1.2- 



dichloroethane and 1.1,2,2-tetrachloroethane; hydro- 
carbons such as benzene, toluene, hexane, heptane 
and octane; ethers such as diethyl ether, diisopropyi 
ether, tetrahydrofuran, dioxane and dimethoxyethane; 
nitrites such as acetonitrile and propionitrile; amides 
such as dimethyrformamide; and dimethyl sulfoxide. It is 
preferred that the solvent is used in an mount of 0.5 to 
10 times the weight of 3-cWoro-1 -isothiocyanato-1 -pro- 
pene. with 0.5 to 2.0 times being more preferred. 

As the chlorinating agent to be employed for the 
reaction, chlorine or a compound which emits chlorine 
under the reaction conditions, for example, sulf uryl chlo- 
ride can be used. From the viewpoint of the yield, surfu- 
ryi chloride is preferred. It is preferred that the 
chlorinating agent is used generally in an amount falling 
within a range of from 1 .0 equivalent to 1 .5 equivalents 
relative to 3-chloro-1-tsothiocyanato-1 -propene. In the 
case where chlorine is used as the chlorinating agent, 
on the other hand, it is possible to introduce a chlorine 
gas directly into the reaction system or to use chlorine 
dissolved in a solvent As such a solvent the above- 
exemplified ones can be used. 

The reaction temperature preferably falls within a 
range of from -20°C to 150°C. with a range of from 0°C 
to 60°C being more preferred. The reaction time differs 
depending on the reaction conditions but that of 1 to 4 
hours is generally suitable. 

In Process 3, it is preferred to use trans-3-chloro-1- 
isothiocyanato-1 -propene as a starting material in con- 
sideration that the use of it makes it possible to provide 
the target compound in a high yield. Trans-3-chloro-1- 
isothiocyanato-1 -propene can be obtained by distilling 
and separating 3-chloro-1 -isothiocyanato-1 -propene 
which is a mixture of a cis-fbrm and a trans-form. The 
ds-form separated here can be converted into the 
trans-form by isomerization. Alternatively, it is possible 
to use a mixture of the cis-form and trans-form of 3- 
chloro-1 -isothiocyanato-1 -propene as the starting 
material without isolating the trans-form in advance and 
to carry out the reaction of the present invention while 
isomerizing the cis-form into the trans-form. The cis- 
form can be isomerized into the trans-form in the pres- 
ence of a catalyst generally used for the isomerization 
of a double bond. Examples of such a catalyst include 
■ iodine; thiols such as thiophenol; and Lewis acids. 

Incidentally, the use of magnesium chloride as a 
metal salt in the reaction of Process 2 makes it possible 
to provide trans-rich 3-chloro-1 -isothiocyanato-1 -pro- 
pene and is therefore preferred. 
) The isolation and purification of 2-chloro-5-chlo- 
romethyl-1,3-thiazole from the reaction mixture so 
obtained are carried out in a manner known pgr se in 
the art. Described specifically, after being cooled, the 
reaction mixture is poured in an alkaline aqueous solu- 
5 tion such as sodium bicarbonate, sodium carbonate or 
sodium hydroxide. The resulting mixture is extracted 
with chloroform or the like. The extract is washed with 
water, dried and then concentrated under reduced pres- 
sure. The concentrate is men isolated and purified by 
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chromatography or the like means. 
Process 4 

A process of recrystallizing crude 2-chloro-5-chlorome- 5 
thyl-1 ,3-thiazo!e using one or more than one organic 
solvents selected from the group consisting of hydrocar- 
bons, ethers, aldehydes, ketones, esters and alcohols: 



hours. The reaction mixture was cooled down to room 
temperature and poured in 200 ml of water, followed by 
extraction with 500 ml of xylene once. The organic layer 
was washed with 500 ml of saturated saline, dried over 
anhydrous sodium sulfate and then concentrated under 
reduced pressure. The concentrate was subjected to 
distillation under reduced pressure, whereby 258.0 g of 
3-chloro-1-thiocyanato-2-propene were obtained. 



Some of the organic solvents which may be used 10 
for such a purification process will now be described in 
more detail. Examples of the hydrocarbons include 
aliphatic hydrocarbons such as perrtane, hexane, hep- 
tane and octane; aromatic hydrocarbons such as ben- 
zene, toluene and xylene; and halogenated 75 
hydrocarbons such as methylene chloride, chloroform 
and carbon tetrachloride. Examples of the ethers 
include diethyl ether, diisopropyl ether and 1.2-dimeth- 
oxy ethane. Examples of the aldehydes include propion- 
aldehyde and isobutyl aldehyde. Exemples of the 20 
ketones include acetone, methyl ethyl ketone and 
methyl isobutyl ketone. Examples of the esters include 
ethyl acetate and butyl acetate. Examples of the alco- 
hols include methanol, ethanol, propanoJ and butanol. It 
is preferred that the solvent is used in an amount of 0.5 25 
to 20 times the weight of the crude 2-cNoro-5~chlorome- 
thyl-1 ,3-thiazole. with 1 to 5 times being more preferred. 

The crystallization temperature preferably falls 
within a range of -50°C to 30°C, with a range of -30°C to 
0°C being more preferred. 30 

No particular limitation is imposed on the prepara- 
tion process of the crude 2-chkxo-5-chJoromethyl- 1 ,3- 
thiazole usable in the present invention. Examples of 
the preparation process of the crude 2-cMoro-5-chfc>- 
romethyl-1 ,3-thiazole include a process of the present 35 
invention, a process of reacting ally) isothiocyanate with 
chlorine (refer to Japanese Patent Application Laid- 
Open No. SHO 63-83079) and a process of reacting 2- 
chbroatlyl isothiocyanate with a chlorinating agent 
(refer to Japanese Patent Application Laid -Open No. 40 
HEI 4-234864). The reaction concentrate, distillate or 
the like so obtained can be provided tor the purification 
process of the present invention. 

EXAMPLES 45 

The present invention will hereinafter be described 
more specifically by examples. It should however be 
borne in mind that the present invention is not limited to 
or by the following examples. so 

Pr oces s 1 
Example 1 

55 

In 250 ml of water. 200 g of sodium thiocyanate 
were dissolved. To the resulting solution, 250 g of 1.3- 
dichloropropene and 2.5 g of tetrabutytarrarionium chlo- 
ride were added, followed by heating at 60°C for 3 



Yield: 84.1% 
Purity: 98.1% 

Boiling point: 83-88° C / 5 mmHg 
1 H-NMR spectrum (CDCI3) 6 : 
3.59(d,J=7.8Hz.(trans)). 
3.80(d,J=:7.0Hz,(cis)), 
6.04(dt,J=7.0Hz,7.0Hz,(cis)), 
6.06(dtJ=14.0Hz,7.8Hz,(trans)), 
6.39(d,J=14.0Hz,(trans)), 6.42(d,J=7.0Hz,(cis)). 

Example 2 

In 250 ml of water, 200 g of sodium thiocyanate 
were cfissolved. To the resulting solution, 250 g of 1.3- 
dichloropropene were added, followed by heating at 
60°C for 6 hours. The reaction mixture was cooled down 
to room temperature and poured in 200 ml of water, fol- 
lowed by extraction with 500 ml of xylene once. The 
organic layer was washed with 500 ml of saturated 
saline, dried over anhydrous sodium sulfate and then 
concentrated under reduced pressure. Trie concentrate 
was subjected to distillation under reduced pressure, 
whereby 241.8 g of 3-chloro-1-thiocyanato-2-propene 
were obtained. 

Yield: 78.6% 
Purity: 97.8% 

Boiling point: 84-88°C / 5 mmHg 
Example 3 

In 12 ml of acetonitrile, 2.14 g of sodium thiocy- 
anate were dissolved. To the resulting solution, 2.66 g of 
1 ,3-dichloropropene were added, followed by heating 
for 3 hours at the reflux temperature (80-82°C) of ace- 
tonitrile. The reaction mixture was cooled down to room 
temperature and acetonitrile was distilled off under 
reduced pressure. After the addition of 20 ml of water to 
the residue, the resulting mixture was extracted twice 
with 20 ml of ethyl acetate. The organic layer was 
washed with 20 ml of saturated saline, dried over anhy- 
drous sodium sulfate and then concentrated under 
reduced pressure. The concentrate was then purified by 
distillation under reduced pressure, whereby 2.89 g of 
3-chloro-1-thiocyanato-2-propene were obtained. 

Yield: 88.4% 
Purity: 98.1% 

Boiling point: 83-88°C / 5 mmHg 
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Exampfe 4 

In 12 ml of methanol. 2.14 g of sodium thiocyanate 
were dissolved. To the resulting solution, 2.66 g of 1.3- 
dichloropropene were added, followed by heating for 3 s 
hours at the reflux temperature (64-66°C) of methanol. 
The reaction mixture was cooled down to room temper- 
ature and methanol was distilled off under reduced 
pressure. After the addition of 20 ml of water to the res- 
idue, the resulting mixture was extracted twice with 20 10 
ml of ethyl acetate. The organic layer was washed with 
20 ml of saturated saline, dried ever anhydrous sodium 
sulfate and then concentrated under reduced pressure. 
The concentrate was then purified by distillation under 
reduced pressure, whereby 2.86 g of 3-chloro-1 -thiocy- 75 
anato-2-propene were obtained. 

Yield: 87.6% 
Purity: 98.2% 

Boiling point 84-88°C / SmrnHg 20 
Examples 

In 12 ml of acetone. 2.14 g of sodium thiocyanate 
were dissolved. To the resulting solution. 2.66 g of 1,3- 25 
dichloropropene were added, followed by heating for 5 
hours at the reflux temperature (55-58° C) of acetone. 
The reaction mixture was cooled down to room temper- 
ature and acetone was distilled off under reduced pres- 
sure. After the addition of 20 ml of water to the residue. 30 
the resulting mixture was extracted twice with 20 ml of 
ethyl acetate. The organic layer was washed with 20 ml 
of saturated saline, dried ever anhydrous sodium sulfate 
and then concentrated under reduced pressure. The 
concentrate was then purified by distillation under 35 
reduced pressure, whereby 2.72 g of 3-chloro-1-thiocy- 
anato-2-propene were obtained. 

Yield: 83.1% 

Purity: 97.9% 40 
Boiling point 83-88°C / 5mmHg 

Example 6 

To 12 ml of diisopropyl ether. 2.14 g of sodium thio- 45 
cyanate. 2.66 g of 1 .3-dichIoropropene and 33 mg of 
tetraethyfammonium chloride were added. The resulting 
mixture was heated for 3 hours at the reflux temperature 
(68-70°C) of dtisopropyl ether. The reaction mixture was 
cooled down to room temperature and the salts so pre- so 
ciprtated were filtered. The filtrate was washed with 20 
ml of saturated saline, dried ever anhydrous sodium sul- 
fate and then concentrated under reduced pressure. 
The concentrate was then purified by distillation under 
reduced pressure, whereby 2.71 g of 3-chk>ro-1 -thiocy- 55 
anato-2-properte were obtained. 

Yield: 82.7% 
Purity: 97.9% 



Boiling point: 83-88°C / 5 mmHg 
Example 7 

To 20 ml of toluene, 2.14 g of sodium thiocyanate, 
2.66 g of 1.3-dichloropropene and 43 mg of tetrabutyl 
ammonium chloride were added. The resulting mixture 
was heated for 5 hours at the reflux temperature (110- 
115°C) of toluene. The reaction mixture was cooled 
down to room temperature, followed by the addition of 
20 ml of water to dissolve the resulting salts therein. The 
organic layer was separated, washed with 20 ml of sat- 
urated saline, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The concentrate 
was purified by distillation under reduced pressure, 
whereby 2.59 g of 3-chloro-1-thiocyanato-2-propene 
were obtained. 

Yield: 78.6% 
Purity: 97.4% 

Boiling point: 83-88°C / SmrnHg 
Example 8 

To 20 ml of cfimethyl sulfoxide, 2.14 g of sodium thi- 
ocyanate, 2.66 g of 1,3-dichloropropene and 43 mg of 
tetrabutylammonium chloride were added, followed by 
the reaction at 25-30°C for 3 hours. To the reaction mix- 
ture, 100 ml of water and 100 ml of rsopropyl ether were 
added and they were stirred. The reaction mixture was 
then allowed to stand to separate the organic layer. The 
organic layer so obtained was washed with 50 ml of sat- 
urated saline, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The concentrate 
was then purified by distillation under reduced pressure, 
whereby 2.41 g of 3-chloro-1 -thiocyanato-2-propene 
were obtained. 

Yield: 73.0% 
Purity: 97.2% 

Boiling point: 83-88°C / SmrnHg 

Comparative Example 1 

To 12 ml of diisopropyl ether, 2.14 g of sodium thio- 
cyanate and 2.66 g of 1.3-dichloropropene were added, 
followed by reaction for 7 hours at the reflux tempera- 
ture (68-70°C) of diisopropyl ether. The reaction hardly 
proceeded and only a trace amount of 3-chJoro-1-thio- 
cyanato-2-propene was obtained. 

Process 2 

Example 9 

A mixture of 198 g of 3-chloro-1 -thiocyanato-2-pro- 
pene. 1375 ml of xylene and 9.35 g of copper (II) chlo- 
ride was heated for one hour at the reflux temperature 
of xylene. The reaction mixture was cooled down to 
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room temperature and the copper salt was removed by 
filtration. The filtrate was concentrated under reduced 
pressure. The concentrate was subjected to distillation 
under reduced pressure, whereby 184.0 g of 3-ch!oro-1- 
iscthiocyanato-1 -propene were obtained. 



Yield: 87.6% 
Purity: 98.5% 

Boiling point: 62-75°C / SmmHg 
5 Comparative Example 2 



Yield: 90.7% 
Purity: 97.6% 

Boiling point: 60-75°C /5 mmHg 
1 H-NMR spectrum (CDCy 6 : 
4.06(d,J=5.7Hz,(trans)), 
4.18(d,J=7.4Hz.(cis)), 
5.60(dt,J^.1Hz,5.7Hz,(cis)), 
5.92(dt.J=13.5HzJ.4HzXtrans)). 
6.15(d,J=8.1Hz,(cis)), 6.27(d,J=13.5Hz.(trans)). 

Example 10 

A mixture of 1 .34 g of 3K*ttoro~1-thiocyanato-2-pro- 
pene, 5 ml of toluene and 0.20 g of copper (I) chloride 
was heated for 4 hours at the reflux temperature of tolu- 
ene. The reaction mixture was cooled down to room 
temperature and the copper salt was removed by titra- 
tion. The filtrate was concentrated under reduced pres- 
sure. The concentrate was subjected to distillation 
under reduced pressure, whereby 1.23 g of 3-chJoro-1- 
isothiocyanato- 1 -propene were obtained. 

Yield: 90.0% 
Purity: 98.0% 

Boiling Point: 62-75°C / 5mmHg 
Example 11 

A mixture of 6.70 g of 3-chtoro-1-thiocyanato-2-pro- 
pene, 25 ml of toluene and 0.33 g of magnesium chlo- 
ride was heated at the reflux temperature of toluene for 
4 hours. The reaction mixture was cooled down to room 
temperature and the magnesium salt was removed by 
filtration. The filtrate was concentrated under reduced 
pressure. The concentrate was subjected to distillation 
under reduced pressure, whereby 6.10 g of 3-chloro-1- 
isothiocyanato-1 -propene were obtained. 



A mixture of 1 .34 g of 3-chloro-1 -thiocyanato-2-pro- 
pene and 5 ml of dioxane was heated at the reflux tem- 
perature of dioxane for 6 hours. The reaction mixture 
10 was cooled down to room temperature and concen- 
trated under reduced pressure. The concentrate was 
subjected to distillation under reduced pressure, 
whereby 0.73 g of 3-chIoro-1-isothiocyanato-1 -propene 
was obtained. 

15 

Yield: 51.8% 
Purity: 95.0% 

Boiling point: 64-75°C / 5mmHg 
20 Process 3 
Example 13 

In a reaction vessel, 26.8 g of 3-chloro-1-feothrocy- 

25 anato-1 -propene (a 2:3 mixture of cis-form and trans 
form) and 30 ml of chloroform were charged, followed 
by cooling to 0°C. While the internal temperature was 
kept at 10°C or lower, 28.0 g of surfuryl chloride were 
added drop wise to the resulting mixture over one hour. 

30 After the completion of the dropwise addition, the tem- 
perature was increased up to 50-60° C and heating was 
carried out at the same temperature for 3 hours. The 
reaction mixture was cooled down to room temperature 
and then poured into 350 ml of a 10% aqueous solution 

35 of sodium carbonate. Then, the resulting mixture was 
extracted with 100 mi of chloroform twice. The organic 
layer was washed twice with 100 ml of saturated saline 
and dried over anhydrous sodium sulfate. The solvent 
was then distilled off, whereby 35.2 g of the crude reac- 

40 tion product were obtained. The crude reaction product 
was purified by distillation under reduced pressure, 
whereby 24.9 g of 2-chloro-5-chloromethyl-1,3-thiazole 
were obtained. 



Yield: 89.8% 45 
Purity: 98.6% 

Boiling point: 63-75°C / 5mmHg 
Example 12 

50 

A mixture of 6.70 g of 3-chloro- 1 -thiocyanato-2-pro- 
pene, 25 ml of toluene and 0.33 g of cobalt chloride was 
heated at the reflux temperature of toluene tor 4 hours. 
The reaction mixture was cooled down to room temper- 
ature and the cobalt salt was removed by filtration. The 55 
filtrate was concentrated under reduced pressure. The 
concentrate was subjected to dotation under reduced 
pressure, whereby 5.96 g of 3-chloro-1-tsothiocyarrato- 
1 -propene were obtained. 



Yield: 69.2% 
Purity: 93.8% 

Boiling point: 107-109°C / 17 mmHg 
1 H-NMR spectrum (CDCI3) 8 : 
4.72(s,2H). 7.50(S,1H). 

Example 14 

In a reaction vessel. 26.8 g of 3-chloro-1-isothiocy- 
anato-1 -propene (a 2:3 mixture of cis-form and trans- 
form) and 30 ml of chloroform were charged, followed 
by cooling to 0°C. While the internal temperature was 
kept at 10°C or lower, a chlorine gas was introduced into 
the reaction mixture over 1.5 hours. The chorine gas 
was used in an amount of 22.3 g. After the completion 
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of the reaction was confirmed, bubbling of a nitrogen 
gas was effected to remove the excess chlorine gas and 
hydrogen chloride gas. The reaction mixture was 
poured in 350 ml of a 10% aqueous solution of sodium 
carbonate, followed by extraction twice with 100 ml of 5 
chloroform. The organic layer was washed twice with 
100 ml of saturated saline and dried over anhydrous 
sodium sulfate. The solvent was then distilled off, 
whereby 34.3 g of the crude reaction product were 
obtained. The crude reaction product so obtained was w 
purified by distillation under reduced pressure, whereby 
23.0 g of 2-chloro-5-chioromethyl-1 ,3-thiazole were 
obtained. 

Yield: 62.4% 15 
Purity: 91.6% 

Boiling point 109-1 1 1°C / 18 mmHg 



thiocyanato-1 -propene were charged, followed by cool- 
ing to 0°C. While the internal temperature was kept at 
10°C or lower. 28.0 g of sulfuryl chloride were added 
dropwise over 1.5 hours. After the completion of the 
dropwise addition, the temperature was increased up to 
80°C and heating was carried out at the same tempera- 
ture for one hour. The reaction mixture was cooled down 
to room temperature and then poured in 200 ml of a 
10% aqueous solution of sodium bicarbonate. The 
resulting mixture was extracted twice with 200 ml of 
ethyl acetate. The organic layer was washed once with 
100 ml of saturated saline, and then dried over anhy- 
drous sodium sulfate. The solvent was distilled off, 
whereby 37.9 g of the crude reaction product were 
obtained. The crude reaction product was subjected to 
distillation under reduced pressure, whereby 31.8 g of 
2-chloro-5-chIoromethyl-l ,3-thiazole were obtained. 



Example 15 

20 

In a reaction vessel, 26.8 g of 3-chloro-1 -isothiocy- 
anato-1-prcpene (a 4:1 mixture of cis-form and trans- 
form) were charged, foOowed by cooling to 0°C. While 
the interna) temperature was kept at 1 0°C or lower, 28.0 
g of suffuryt chloride were added dropwise over one 25 
hour. After the completion of the dropwise addition, the 
temperature was increased up to 80°C and heating was 
carried out at the same temperature for one hour. After 
the reaction mixture was cooled down to room tempera- 
ture, rt was poured into 200 ml of a 10% aqueous sofu- 30 
tion of sodium carbonate. The resulting mixture was 
then extracted twice with 200 ml of ethyl acetate. The 
organic layer was washed once with 100 ml of saturated 
saline and dried over anhydrous sodium sulfate. The 
solvent was then distilled off, whereby 35.2 g of the 35 
crude reaction product were obtained. The crude reac- 
tion product so obtained was subjected to distillation 
under reduced pressure, whereby 16.5 g of 2-chIoro-5- 
crtloromethyJ-1 ,3-thiazole were obtained. 

40 

Yield: 45.3% 
Purity: 92.6% 

Boiling point 107-109*0/ 17 mmHg 



Yield: 91 .2% 
Purity: 96.6% 

Boiling point: 108-1 10°C / 17 mmHg 
Process 4 
Example 17 

In a reaction vessel, 26.8 g of 3-chloro-1-isothiocy- 
anato-1 -propene (a 2:3 mixture of cis-form and trans- 
form) were charged, followed by cooling to 0°C. While 
the internal temperature was kept at 10°C or lower. 28.0 
g of sulfuryl chloride were added dropwise over 1 hour. 
After the completion of the dropwise addition, the tem- 
perature was increased up to 80°C and the heating was 
carried out at the same temperature for one hour. The 
reaction mixture was then cooled down to room temper- 
ature and then poured in 200 ml of a 1 0% aqueous solu- 
tion of sodium carbonate. The resulting mixture was 
extracted twice with 200 ml of ethyl acetate. The organic 
layer was washed once with 100 ml of saturated saline, 
and then dried over anhydrous sodium sulfate. The sol- 
vent was distilled off. followed by simple distillation, 
whereby 32.7 g of the crude 2-chloro-5-chloromethyl- 
1 ,3-thiazole were obtained. 



Referential Example 1 45 



In a fractionating column of 50 cm height 184 g of 
3-chlcfo-1-tsothiocyanato-1 -propene (a 2:3 mixture of 
cis-form and trans-form) were fractionated, whereby 
93.8 g of trans-3-chioro- 1 -isothiocyartato- 1 -propene 50 
were obtained 

Recovery of trans-form: 85.0% 
Purity of trans-form: 98.5% 

Boiling point 74-75°C / 5 mmHg 55 
Example 16 



Yield: 68.3% 
Purity: 70.4% 

Boiling point: 107-109°C / 17 mmHg 
Example 18 

In 4 ml of hexane, 2.01 g of the crude 2-chloro-5- 
chloromethyl-1 ,3-thiazole obtained in Example 17 were 
dissolved, followed by stirring at -20°C for 5 minutes, 
whereby a white solid was precipitated. The white solid 
so obtained was collected by filtration, whereby 1.34 g 
of 2-ch!oro-5-chloromethyl-1 ,3-thiazole (purity: 97.0%) 
were obtained. 



In a reaction vessel. 26.8 g of trans-3-chloro- 1 -iso- 
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20 



Example 19 

In 4 ml of heptane, 2.03 g of the crude 2-chloro-5- 
chloromethyl-1 ,3-thiazole obtained in Example 17 were 
dissolved, followed by stirring at -20°C for 5 minutes, 
whereby a white solid was precipitated- The white solid 
so obtained was collected by filtration, whereby 1 .28 g 
of 2-chloro-5-ch!oromethyl-1 ,3-thiazole {purity: 97.3%) 
were obtained. 

Claims 

1. A process for the preparation of 2-chloro-5-chto- 
rornethyl-1.3-thtazoIe, which comprises reacting 3- 
chloro-1 -isothiocyanato-1 -propene with a chlorinat- 
ing agent 

2. A process for the preparation of 2-chtorch5-chlo- 
romethyl-1 ,3-thiazole, which comprises rearranging 
3-chloro-1 -triiocyanato-2-propene in the presence 
of a salt of one or more than one metals selected 
from the group consisting of metals belonging to 
Group 2A, Group 7A, Group 8 and Group 1 B of the 
long-form periodic table to obtain 3-chlc<o-1-isothi- 
ocyanato-1 -propene; and reacting the 3-chloro-1- 
isothicx^anatc-1-propene with a chlorinating agent 

3. A process for the preparation of 3-cWoro-1 -tsothio- 
cyanatc-1 -propene. which comprises rearranging 
3-chtoro-1 -miocyanato-2-propene in the presence 
of a salt of one or more than one metals selected 
from the group consisting of metals belonging to 
Group 2A, Group 7A, Group 8 and Group 1 B of the 
long-form periodic table. 

4. A process for the preparation of 2-chloro-5-chlo- 
romethyM ,3-thiazole, which comprises reacting 
1 ,3-dicWc*opropene and a thiocyanate salt 

(a) in the presence of water, 

(b) in the presence of an organic solvent which 
is water-soluble and has a boiling point of 
150°C or lower, or 

(c) in an organic solvent in the presence of a 
phase transfer catalyst to obtain 3-chloro-1- 
thiocyanato-2-propene; rearranging the 3- 
chloro-1-thiocyanatc-2-propene in the pres- 
ence of a salt of one or more than one metals 
selected from the group consisting of metals 
belonging to Group 2A, Group 7 A, Group 8 and 
Group IB of the long-form periodic table to 
obtain 3^orc-1 -isothtocyanato-1 -propene; 
and reacting the 3-chloro-1 -isothiocyanato-1 - 
propene with a chtorhoating agent 

5. A process according to any one of claims 1. 2 and 
4, wherein 3-<*foro-lHSOtrtfo^^ « 
a trans-form. 



6. A process according to any one of claims 1, 2, 4 
and 5, whereby the chlorinating agent is sulfuryl 
chloride. 

7. A process for the preparation of 3-ch!oro-1 -isothio- 
cyanato-1 -propene, which comprises reacting 1.3- 
cfichloropropene and a thiocyanate salt 

(a) in the presence of water, 

(b) in the presence of an organic solvent which 
is water-soluble and has a boiling point of 
150°C or lower, or 

(c) in an organic solvent in the presence of a 
phase transfer catalyst, to obtain 3-chtoro-1- 
thiocyanato-2-propene; and rearranging the 3- 
chloro-1-thiocyanato-2-propene in the pres- 
ence of a salt of one or more than one metals 
selected from the group consisting of metals 
belonging to Group 2A. Group 7A. Group 8 and 
Group 1 B of the long-form periodic table. 

8. A process according to any one of claims 2, 3. 4 
and 7, wherein the metal belonging to Group 2A. 
Group 7A, Group 8 or Group 1B of the long-form 

25 periodic table is magnesium, manganese, ruthe- 
nium, cobalt, nickel, palladium or copper. 

9. A process according to any one of claims 2. 3, 4 
and 7, wherein the metal belonging to Group 2A, 

so Group 7A, Group 8 or Group 1B of the long-form 
periodic table is magnesium, cobalt, nickel, palla- 
dium or copper. 

1a A process according to any one of claims 2, 3. 4 
35 and 7, wherein the salt of the metal belonging to 
Group 2A, Group 7 A, Group 8 or Group 1B of the 
long-form periodic table is magnesium chloride, 
magnesium bromide, manganese chloride, cobalt 
chloride, nickel chloride, palladium chloride, copper 
40 (I) chloride, copper (II) chloride, copper oxide or 
copper thiocyanate. 



11. A process according to any one of claims 2, 3, 4 
and 7, wherein the salt of the metal belonging to 
45 Group 2A. Group 7 A. Group 8 or Group 1B of the 
long-form periodic table is magnesium chloride, 
manganese chloride, cobalt chloride, copper (I) 
chloride or copper (II) chloride. 

so 12. A process for the preparation of 3-chloro-1-thiocy- 
anato-2-propene, which comprises reacting 1,3- 
dchloropropene and a thiocyanate salt 

(a) in the presence of water, 
ss (b) in the presence of an organic solvent which 

is water-soluble and has a boiling point of 
150°C or lower, or 

(c) in an organic solvent in the presence of a 
phase transfer catalyst 



10 



19 ' EP 0 794 180 A1 

13. A process according to any one of claims 4, 7 and 
12, wherein 1 ,3<fichIoropropene and the thiocy- 
anate salt are reacted in the presence of water. 

14. A process according to claim 13. wherein 1,3- s 
dichloropropene and the thiocyanate salt are 
reacted in the presence of a phase transfer cata- 
lyst 

15. A process according to any one of claims 4, 7 and w 
12, wherein 1 ,3-dichloropropene and the thiocy- 
anate salt are reacted in the presence of an organic 
solvent which is water soluble and has a boiling 
point of 150°C or lower. 

15 

16. A process according to any one of claims 4, 7 and 
12, wherein 1 ,3-dichloropropene and the thiocy- 
anate salt are reacted in an organic solvent in the 
presence of a phase transfer catalyst. 

20 

17. A process for the purification of 2-ch!oro-5-chlo- 
romethyl-1 ,3-thiazole, which comprises recrystalliz- 
ing crude 2-^loro-5-chlorornethyl-1 ,3-thiazole 
using one or more than one organic solvents 
selected from the group consisting of hydrocar- 25 
bons, ethers, aldehydes, ketones, esters and alco- 
hols. 
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